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BXectypJlujninQpcent: device production proceaa 

Field of the invention 

5 The present invention relates to a method for producing 
electroluminescent devices from Light Emitting Polymers (LEPs) 
in which a light emitting layer is sandwiched between 
conducting layers. 

10 3acfeqyoufid Apt 

Electroluminescent (EL) devices comprising an active LEP layer 
sandwiched between conductive layers are known in the art 
(see, for example WO-A-90 / 13148). 

15 

WO-A-90 / 13148 discloses a class of Light Emitting Polymers 
(LEPs) consisting of conjugated polymers such as poly(p- 
phenlenevinyline) (PPV) and possible sxabstitutes which may, 
amongst other, things, be used f or ^ the production of EL 

20 devices. Other LEPs are known which consist of a single 
niaterial which may be applied to a surface and which can be 
induced to emit light by the application of a voltage . LEPs 
have been relatively recently discovered and are treated with 
a great deal of cafe by persons skilled in the art - such 

25 treatment involving the use of vacuum cabinets, specialised 
atmospheres (pure nitrogen etc.) and so on. 

Other materials are known which have such light emitting 
characteristics. These other materials consist of small solid 

30 particles suspended in a binder. Examples of such materials 
include suspensions of phosphor in a polymer medium chosen for 
its ease of evaporation or of conversion to form readily a 
usable, solid, layer of light emitting matter. These 
• suspension materials are more widely known in the art than 

35 LEPs and are perceived as being robust, i.e. these materials 
do not need the special treatment involved in handling LEPs. 
Methods for the production of devices using such suspension 
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materials include the use of single-stage, direct application 
printing processes such as screen-printing (see, for exaitple, 
EP-A-0 357 443, US-A-4 614 668, US-A-4 665 342). The general 
possibility of using roller printing for the printing of such 
phospher layers was mentioned in passing in EP-A-357 443, 
although the disclosure of this patent concentrates on the 
screen-printing of such phosphor layer devices. The suspension 
substances are subsequently converted to rigid form by heating 
\mder controlled environments such as in nitrogen, in a vacuum 
or by exposing to ultraviolet light. 



By contrast, known methods of producing EL devices from LEPs 
consist of specialised methods such as spin coating, draw 
coating, melt processing, ion-beam sputtering, radio frequency 
sputtering, DC sputtering, depositing by evaporation or glow 
discharge of silane and evaporation of the material onto a 
substrate (see WO-A-90 7 13148 which extensively describes the 
various applicable methods for applying LEPs to substrates). 
These methods are clearly appropriate for a specialised 
20 material such as an LEP which needs careful treatment as 
mentioned above. In order to. carry out such application 
methods, it is desirable that any solvent used with such LEPs 
is highly volatile and that the mix which is to be deposited 
should have as low a viscosity as possible. Typically, 
methanol has. been used as a solvent in the prior art. 

It is a major disadvantage of these processes that each is 
only workable for a relatively small surface area. 



A further major disadvantage associated with LEPs, at the 
present time, is that these materials have to be treated with 
great care and applied to surfaces using complex, expensive, 
slow processes, as detailed above, which are, in any case, 
only workable for a relatively small surface area . It is 
35 desirable to produce layers of LEP which are thin and uniform 
- both from the point of view of cost of the material applied 
. and of operational efficiency - and which may be produced over 
relatively large surface areas in a cost-effective manner. The 



wo 99/07189 PCT/GB98/0221 1 

3 

screen-printing processes used with suspension materials have 
not been considered to be suitable for the application of LEPs 
to substrates, given the care that is involved in handling 
such materials in the prior art and given the peception that 
5 screen-printing would produce a layer that was of the order of 
100 times too thick to be of any use. 

Another disadvantage associated with LEPs is their short 
lifetime, making them unsuitable for such applications as 
10 cathode ray tube replacements. 

Printing processes such as letter -press printing, screen- 
printing, doctor blade coating, ink- jet printing, roller 
printing, reverse-roller printing, offset lithographic 
15 printing, flexographic printing cind web offset printing are 
known in the art of printing text on paper and various other 
domains. The use of screen-printing for applying robust, 
suspension materials in order tq create electrolvmiinescent 
devices is also known in the eirt, as mentioned above. 

20 

Summary of the Invention 

The present invention involves the novel cuid inventive use of 
known printing processes in order to apply known LEPs to a 
25 substrate. 

The prior art clearly leads a person skilled in the art away 
from the use of printing processes for the application of LEPs 
to surfaces, as mentioned above. Given this situation,, the 
30 person skilled in the art would not even consider carrying out 
experiments to determine whether it were possible to print' 
LEPs using standard printing processes. 

Also, the person skilled in the art would not and could not 
35 appreciate that the use of, for example, an offset 
lithographic printing process may be used to apply an LEP to a 
substrate with the new, surprising effect that such 
electroluminescent devices work and may be produced in this 
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way with hitherto xinthought of accuracy, in exceptionally 
thin, uniform layers and using a process which is well- 
understood, very cheap and very fast. 

5 Further aspects, advantages and objectives of the invention 
will become apparent from a consideration of the drawings and 
the ensuing description, which, by way of example, describe an 
embodiment of the present invention in which poly(p- 
phenlenevinyline) (PPVs) are applied to a substrate using 
10 offset lithographic printing: 

Brief De«er<r>f:ion n^^^^Tlgff 

Figure 1: A schematic representation of the offset 

lithographic printing process. 
Figure 2: A schematic of an example of a complete LEP sheet 

structure 

Figure 3: A schematic of a second exan^jle of a coii5)lete LEP 
sheet structure 



20 



Detftilefi description the intr«T.«-, >p 



The invention is based on the novel and inventive development 
that some or all the components needed to form an 

25 electroluminescent device from LEPs can be formed by printiiii 
using a standard printing process, such as multiple- stage 
printing processes like the offset lithographic processes 
widely used for low. cost high volume printing. This method 
enables large volumes of electroluminescent displays to be 

30 produced in a much siitpler and cost effective manner than has 
previously been known. 

The offset lithographic printing process is a method of 
depositing inks on a substrate by transferring ink initially 
35 from a printing plate on to a cylinder covered with a special 
compressible blanket, which enables a very thin and even 
coating to be obtained. The offset blanket further splits the 
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ink film between the printing plate and the blanket which 
results in a thinner ink film being deposited on a substrate. 
The printing plate may be patterned to accept or repel the ink 
by using hydrophilic arid hydrophobic regions. The regions 
which are non-miscible with the ink (i.e. the hydrophobic 
- regions) are deposited at the same time as the ink via damper 
rollers to wet the plate. Thus, ink adheres only to the 
appropriately patterned layer and repeats the pattern when 
transferred to the substrate. 

The viscosity and volatility of a solvent used for the liquid 
which is to be printed using the offset lithographic procesis 
must be such that not only does it deliver the ink onto the 
rollers but also such that it is not adversely affected by the 
P^^inting processes, for example, such that it does not 
evaporate from the rollers. In direct opposition to the prior 
art teaching which teaches the use of high volatility, low 
viscosity solvents such as methanol (as mentioned above) , the 
present inventors have successfully and surprisingly used low 
volatility, higher viscosity solvents -to great effect. Persons 
skilled in the art would also not have considered the 
possibility of using such solvents as a transport medium for 
the particular components to be printed such as the active 
light emitting layer (e.g. a PPV precursor polymer), 
conductive polymer and/or barrier materials. A highly polar 
solvent such as water enables the light emitting layers to be 
deposited in a pattern using the conventional planographic 
nature-^ of offset lithographic printing. 

The evaporation rate and viiscosity of the solvent may be 
controlled by active temperature control of the rollers 
conprising the printing press. Alternatively the PPV mix, ink 
ducts or substrates may be preheated. Heating or cooling in 
this manner also provides additional control over the curing 
process of components such as that of the PPV precursor 
polymers. 
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Atmosphere control over the printing press assists in curing 
of the confounds in question, for example, applying a vacuum 
or excluding oxygen by applying a nitrogen blanket around the 
press. Where needed printed sheets may be heated for a period 
in order to initiate the cure process needed for to convert a 
PPV precursor polymer. 

Figure 1 shows a schematic depiction of the offset 
lithographic printing process. The offset lithographic process 
is a method well suited to producing very thin layers of ink. 
Furthermore, the process achieves substantially higher 
resolution than other printing processes. 

Very thin flat layers of active layer in an EL device are 
15 beneficial in that they consume less power. Also, the ability 
to apply LEPs with very high resolution enables the production 
of high quality displays of uniform brightness. Depositing 
multiple layers of the same material or of different materials 
in sequence enables the complete structure to be built in a 
20 controlled manner to give optimum performance. 

A solution of precursor PPV in water may be prepared according 
to standard practices, used for creating methanol based 
solutions (see e.g. J . H . Burroughes et al, . Light emitting 
25 diodes based on conjugated polymers, Nature vol.347, pp. 539^ 
541, October 1990) . An aqueous solvent combines the 
characteristics of a polar solvent, low volatility and 
adequate solubility for the solution processable PPV 
precursor. Various concentrations of PPV precursor in solution 
could be used including completely saturated solutions. 



30 



In operation, the solution of PPV precursor is placed in the 
ink duct [1] and transferred in the standard manner over 
rollers [2] before forming an even film over the printing 
35 plate [3], being transferred to. the coirpressible blanket [4] 
then transferred to sheets of substrate material [5] passing 
over the conpressible blanket [4] . For patterning, immiscible 
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liquid [6] may be delivered siitiulteineously via an set of 
daitper rollers [7] . 

Sheets of polyester [8] coated with a conducting . layer of 
5 indium tin oxide (ITO ) [9] may be used as a svibstrate. A 
uniform layer of LEP [10] is deposited over the coirplete sheet 
which could be passed through the print press several times to 
achieve the desired thickness of PPV material- Each layer 
deposited in this manner gives a thickness of the order of 
10 lOnm. Such thicknesses are about ten times thinner than than 
the thinnest layers which could be applied using prior art 
methods. 

The PPV precursor may be ..cured using conventional methods, 
15 e.g. by heating in an oven with a controlled atmosphere of 
nitrogen, 

Siibsequently, a top electrode of aliaminium [11] may be 
deposited on the printed active layer by standard processes 

20 such as spiiming, thermal evaporation or sputtering or the 
electrode may be printed on in a similar manner to that used 
for applying the PPV layer. Additional layers such as 
conductive polymers [12] , charge- trapping or charge-diffusion 
layers [13] between, the active layer and the conductive 

25 layers, or barrier films [14] surro\inding the device can -be 
employed to enhance efficiency, reduce power requirements or 
increase lifetime. Suitable coirpleted structures may be as 
shown in Figures 2 and 3. 

30 Suitable operating voltages for such EL devices start as low 
as 5V. 

Although the invention has been described using the particular 
embodiment of offset lithographic printing, it is not intended 
35 that the claims should l^e limited by this. Given the teaching 
of this document and thus overcoming the present technical 
prejudices to come to the realisation that LEPs can be printed 
using a standard printing technique, a person skilled in the 
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art would appreciate that any other, printing process would 
also work including, though not limited to letter-press 
printing, screen-printing, doctor blade coating, roller 
printing, reverse-roller printing, offset lithographic 
printing, flexographic printing and web offset printing. 

Also, although Light Emitting Polymers have been described 
with reference to a particular class of of conjugated polymers 
such as poly(p-phenlenevinyline) (PPV) , , it is not intended 
that the claims should be limited by this. Light Emitting 
Polymer is used as a term to describes materials consisting of 
a single substance and having electroluminescent 
characteristics . 

Having overcome the technical prejudices, the present 
invention leads to the ability to produce large quantities of 
accurately formed felectroluminescent devices at very low cost. 
Such an ability cai> potentially drastically change the whole 
area of display technology. It would now be possible to 
produce low cost, disposable, flat TV and computer screens as 
well as extending the possible areas of application of 
electroluminescent displays to such areas as packaging, moving 
picture instruction labels, business cards, magazine covers, 
identity cards, menus, anticounterfeiting devices, etc. 
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1- A method of producing an electroliiminescent device 

which comprises the steps of: 

5 

-applying a first conductive electrode to a substrate; 

- using a standard printing process to apply a Light 
Emitting Polymer on top of though not necessarily 

10 adjacent to said first electrode; 

- applying a second conductive electrode on top of 
though not necessarily adjacent to said Light Emitting 
Polymer; 

15 

whereby an accurately-placed layer of Light Emitting 
Polymer of controllable thickness is formed using a 
method which is as fast and cost-effective as desired. 

20 2. A method of producing an electroluminescent device 

according to claim 1 wherein said process is selected 
from the group consisting of letter -press printing and 
screen-printing and doctor blade coating and ink- jet 
printing. 

25 

3 . A method of producing an electroluminescent device 

according to claim 1 wherein said process is selected 
from the group consisting of roller printing and 
reverse-roller printing and offset lithographic 
printing and flexographic printing and web printing. 
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A method of producing an electroluminescent device 
according to any of the preceding claims wherein said 
Light Emitting Polymer is mixed with a polar solvent. 

35 

5* A method of producing an electroluminescent device 

according to claim 4 whferein said polsir solvent is an 
aqueous solution. 
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^' A method of producing an electroliminescent device 

according to any of the preceding claims wherein said 
standard printing process is ccurried out in a 
controlled atmosphere. 

A method of producing an electroluminescent device 
according to any of the preceding, claims wherein the 
viscosity and evaporation of the Light Emitting 
Polymer solution, is controlled by controlling the 
temperat\ire of a stage of the standard printing 
process . 

A method of producing an electroluminescent device 
according to any of claims 3 to 7 iirtierein the 
temperature is controlled by controlling the 
temperature of the printing rollers. 

9- A method of producing an electrolxmainescent device 

according to any of the preceding claims which 
coniprises the extra step of applying barrier layers to 
any of the applied layers. 

A method of producing an electroluminescent device 
according to any of the preceding claims which 
comprises the extra step(s) of applying addtional 
charge trapping or charge diffusion layers between any 
of said first conductive electrode, layer of Light 
Emitting Polymer and second conductive electrode. 
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